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Abstract: The identification of complex fertilizer assortments and the development 
of differentiated methods of application of nitrogen fertilizers to potato and sugar beet crops are 
major objectives of fertilization technologies, in order to reach the maximum production 
potential in terms of quantity and quality. Nine variants of fertilization recipes have been 
experimented with NPK complexes in 2014 and 2015 that included three NPK complexes for 
basic fertilization, at soil preparation before planting/sowing and fertilizers with various forms 
of nitrogen for phaseal fertilization applied to potato and sugar beet. The effect of basic NPK 
fertilization and some forms of nitrogen applied after planting the crops has been studied on the 
Christian potato variety and Clementina sugar beet variety. The experimental data recorded in 
2014-2015 show that all fertilizer recipes tested on potato and sugar beet respond with 
production increases. 
 




Potato and sugar beet crops have high requirements for balanced fertilizer 
management without wich crops growth and development are compromised and 
production and quality are diminished. The fertilization technologies are adapted to the 
cultivation conditions in order to reach the maximum production potential and with the 
profitability provided for the two crops. One of the ways to reduce the amounts of used 
up mineral fertilizers is to introduce such a method of fertilizer application which 
enables a maximal utilization of any applied nutrient (Barłóg et al, 2010). NPK 
complex fertilizers are an important source of fertilizer.  
Proper nitrogen management is one of the most important factors required to 
obtain high yields of excellent potatoes quality. An adequate early season nitrogen 
suply is important to support vegetative growth, but excessive soil nitrogen later in the 
season will suppress tuber initiation, reduce yields and decrease the specific gravity in 
some cultivars ( Mikkelsen, 2006). At the highest phosphate fertilization rates, leaf 
analysis showed that the nutritional status of potato plants was not significantly 
changed and no nutritional deficiency was induced, regardless of the soil phosphate 
availability levels (Adalton et al., 2017). Potassium improves yields and tuber size as 
other tuber quality parameters is affected by potassium nutrition (Imas and Bansal, 
1999, Rosen and Bierman 2008).  
Due to the long vegetation period and high productivity, sugar beet is a crop 
Agricultura                                                                               no. 3 –4 (111-112)/2019                                                                                      Agriculture  
 
 
- 138 - 
 
with a high consumption of nutrients. Nitrogen is the most limiting nutrient for sugar 
beet production (Davis and Westfall, 2015). From the first part of the vegetation period 
sugar beet consumes large quantities of nitrogen for leaf formation. For good fertilizer 
nitrogen management, the nitrogen application, nitrogen release and uptake must occur 
to alow good early canopy growth (Hergert , 2011). As the plants advance in vegetation 
the nitrogen nutrition must be lower in order to prevent the intensification of the leaves 
growth in detriment of the roots sugar accumulation (Muntean et all, 2008). Nitrogen 
from fertilizer is not necessary to maintain canopy efficiency and seems to be 
necessary solely to stimulate the rapid growth of the canopy in early summer (Malnou. 
et al., 2008). Nitrogen cultivation techniques, nitrogen placement and timing can also 
fine tune nitrogen rates (Hergert, 2011). In rainfed areas, managing nitrogen rate, 
placement and timing can be a challenge due to the uncertainty of precipitation (De 
Koeijer et al. 2003). In rainfed production areas studies show that nitrogen aplication 
before planting through early in the growing season is superior to late application, due 
to lower nitrogen loss. The increase of sugar beet yield with N fertilizer may be 
attributed to increased size and number of leaves, which led to increasing leaf area and 
photosynthetic activities (Abdel-Motagally and Attia, 2009). Phosphorus and 
potassium are major nutrients needed for sugar beet production ((Hergert, 2011). 
Phosphorus yield forming action depended on weather conditions in the mead-season 
and potasium fertilizer rate (Barlog et al., 2013). Potassium is a vital nutrient for the 
transport of photosynthetic products and their acumulation in the storage organ. 
Marinković et al. (1998) citated by Marinković et al. (2015), points out that a surplus in 
phosphorus and potassium can have a negative effect on yield. 
A response of potato and sugar beet to nutrients, applied as fertilizers, 
depends on interaction of numerous factors; among the most important are weather 
conditions. In the potato crop, insufficient moisture from the soil causes in the first 
stages of growth the inhibition of tuberization, the resorption of stolons, and in the 
following stages the growing stagnation of tuber (Muntean et al., 2008). In the sugar 
beet culture good yields are obtained in the areas where 300-400 mm are recorded 
during the vegetation period; half of the water requirement during the vegetation period 
is consumed in the middle third of it, when the intense root tuberization takes place 
(70mm in June, 80mm in July, 70mm in August) (Muntean et al., 2008). The aim of 
this investigations was to find the effect of basic NPK fertilization and some nitrogen 
forms applied to potato and sugar beet crops after planting compare with a unfertilized 
control variant. 
MATERIAL AND METHOD 
 
The research has been carried out on the experimental field of the National 
Research and Development Institute for Potato and Sugar Beet Brașov. In 2014 and 
2015 in potato and sugar beet experimental field have been tested variants of 
fertilization recipes with NPK complexes for basic fertilization at soil preparation and 
for phaseal fertilization fertilizers with various forms of nitrogen (table 1). The effect 
of basic NPK fertilization and some forms of nitrogen applied after planting the crops 
has been studied on the Christian potato variety and Clementina sugar beet variety. For 
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basic NPK fertilization were used: NPK+S (15:15:15 + 7), NPK (20:20:0), NPK 
(15:15:15), NPK+S (14:14:17+14.5); for phaseal fertilization were used fertilizers with 
various forms of nitrogen :  ammonium nitrate (27% total-N +5.5% CaO), urea (46% 
total-N), NPK (20:20:0 ), NPK+S (21:7:13+5) (Vidican et al., 2013). 
For both crops, potato and sugar beet a completely randomized experimental 
design was performed with four replications and an area of 27 m2 per plots: 6 rows * 
0.75 m * 6 m for potato with 0.3 m beetwin the plants  and 6 rows * 0.45 m * 10 m for 
sugar beet with 0.18 m beetwin the plants. The field trial, arranged as monofactorial 
design, replicated four times, consisted of nine variants of fertilization recipes  plus one 
unfertilized control variants. The experiment was done on a cernoziomoid soil in a 
non-irrigated field; for each experimental year, winter wheat was the fore crop. The 
basic fertilization was done with NPK complexes at the same time with the soil 
preparation, before potato planting, respectively sugar beet sowing. Phaseal 
fertilization was applied to the potato at the same time with the last hilling and after 
plants emergence to the sugar beet at the same time with the mechanical soil 
maintenance. The potato crop was harvested at the beginning of September and the 
sugar beet crop at the end of October. 
 Results were processed  using the ANOVA analyses and Duncan test. 
 
RESULTS AND DISCUSSIONS 
 
 Climatic conditions for both experimental years are presented in Table 2. It can 
be observed that the amount of rainfall in winter period (X-III) preliminary to potato 
and sugar beet crops has been closely to the multiannual average (MMA) for Braşov 
area in 2014, surpassing it in 2015, ensuring a good supply of water into the soil and 
also this period  was characterized by a fall-winter particularly mild with 2.5°C and 
1.7°C higher than MMA value in 2014 and 2015. The average temperature during the 
growing season was higher then MMA value in 2014 and 2015; in 2014, the amount of 
rainfall during the growing season exceeded the MMA value, while in 2015 the level 
of precipitation recorded was below the MMA value.  
 Between the climatic years, 2014 and 2015, there were differences both in 
terms of temperature level and precipitation level recorded during the vegetation period 
(IV-IX), the difference between the average temperature of the vegetation months 
being 1°C ( 15.3 in 2014 and 16.3 in 2015), and in terms of amount of rainfall in this 
period, 2015 had a lower level with 80.7 mm compared to 2014, the largest rainfall 
deficit occurring in July and August (42,4 mm and 22.6 mm) 
 In 2014, as a result of fertilization recipes application to potato variety 
Christian  there were production increases between 8.0 and 15.1 t/ha (30 -56%) 
compared to the unfertilized control variant, where the tubers total yield was of 26.8 
t/ha (table 3). Compared with the unfertilized control variant, significant differences 
were obtained for all fertilization variants, for variants 2, 3 and 8 the differences were 
very significant. There were no significant differences in tubers total yield between the 
complex fertilizers used for basic fertilization. Even the nitrogen fertilizers applied at 
phaseal fertilization, on average, did not differ by effects on the tubers production.  
  
Table 1. 
The variants of fertilization recipes experimented in 2014-2015 
 2014 2015 
No 
var 









1  Unfertilized - - - Unfertilized - - - 
2 NPK+S 15:15:15 + 7 600 Ammonium nitrate 27 385 NPK+S 15:15:15 + 7 600 Ammonium nitrate 27 385 
3 NPK+S 15:15:15 + 7 600 NPK 20:20:0 495 NPK+S 15:15:15 + 7 600 NPK+S 21:7:13+5 495 
4 NPK+S 15:15:15 + 7 600 Urea 46 226 NPK+S 15:15:15 + 7 600 Urea 46 226 
5 NPK 20:20:0     600 Ammonium nitrate 27 385 NPK 15:15:15 600 Ammonium nitrate 27 385 
6 NPK 20:20:0   600 NPK 20:20:0 495 NPK 15:15:15 600 NPK+S 21:7:13+5 495 
7 NPK 20:20:0   600 Urea 46 226 NPK 15:15:15 600 Urea 46 226 
8 NPK+S 14:14:17+14.5 738 Ammonium nitrate 27 385 NPK+S 14:14:17+14.5 738 Ammonium nitrate 27 385 
9 NPK+S 14:14:17+14.5 738 NPK 20:20:0 495 NPK+S 14:14:17+14.5 738 NPK+S 21:7:13+5 495 
10 NPK+S 14:14:17+14.5 738 Urea 46 226 NPK+S 14:14:17+14.5 738 Urea 46 226 
 
Table 2. 
Average hydrothermal conditions (Brasov, 2014-2015) 






2013-2014 8.5 6.6 -2.8 -0.7 1.0 6.5 9.1 13.9 16.4 19.3 18.7 14.3 3.2 15.3 
2014-2015 9.5 4.3 0.0 -2.6 -0.9 4.0 7.9 15.1 17.3 20.7 19.9 16.7 2.4 16.3 




2013-2014 72.0 26.8 8.4 27.4 3.4 34.6 118.5 100.2 76.0 115.4 60.6 34.4 172.6 505.1 
2014-2015 59.8 60.8 41.3 40.7 31.7 58.8 28.0 44.8 175.6 42.4 22.6 111 293.1 424.4 
MMA 38.9 32.8 27.0 25.5 23.9 28.9 50.0 82.0 96.7 99.8 76.4 52.5 177.0 457.4 
 
  
Table 3.  
Characteristics of potato yield on fertilization variants(Christian variety, Braşov, 2014)  
Var. Basic fertilization  + phaseal fertilization 




      t/ha Duncan Test 
> 60mm 35-60mm < 35 mm Commercial yield 
% D. test % D. test % D. test % D. test g/tub D. test no / plant D. test 
1. Unfertilized variant 26.8    B 32.0   B 58.1 A 9.9 A 90.1 A 55 D 13.3 A 
2. NPK+S  15:15:15+7  + Ammonium nitrate 27 41.9*** A 45.7 AB 40.6   BC 13.7 A 86.3 A 80 A 13.1 A 
3. NPK+S 15:15:15+7  + NPK 20:20:0 39.3*** A 46.3 AB 39.5      C 14.2 A 85.8 A 78 AB 12.8 A 
4. NPK+S 15:15:15+7  + Urea 46 34.8* A 55.1 A 38.2      C 6.7 A 93.3 A 67  BC 13.7 A 
5. NPK 20:20:0 KCl  + Ammonium nitrate 27 37.4** A 45.8 AB 47.9 ABC 6.3 A 93.7 A 66  BCD 14.3 A 
6. NPK 20:20:0 KCl + NPK 20:20:0 36.8** A 40.4 AB 51.5 AB 8.2 A 91.8 A 61     CD 14.6 A 
7. NPK 20:20:0 KCl + Urea 46 35.4* A 42.7 AB 49.7 ABC 7.6 A 92.4 A 64     CD 15.3 A 
8. NPK+S 14:14:17+14.5 + Ammonium 
nitrate 27 39.8*** A 49.4 A 44.9   BC 5.7 A 94.3 A 72 ABC 13.2 A 
9. NPK+S 14:14:17+14.5 + NPK 20:20:0 35.2* A 46.4 AB 47.8 ABC 5.8 A 94.2 A 67    BC 13.8 A 
10. NPK+S 14:14:17+14.5 + Urea 46 38.2** A 46.0 AB 46.9 ABC 7.1 A 93.0 A 69 ABC 13.3 A 
        LSD 5% 6.6 t/ha   13.1%    10.3% 9.8% 9.8 % 11  g 2.7  
DL (total yield)    5% = 6.5 t/ha;   1% = 8.6 t/ha;  0,1% = 11.4 t/ha       
Table 4.  
Characteristics of potato yield on fertilization variants (Christian variety, Braşov, 2015)  
Var. Basic fertilization  + phaseal fertilization 





t/ha Duncan Test 
> 60 mm 35-60mm < 35 mm Commercial yield 
% D. test % D. test % D. test % D. test g / tub D. test no / plant D. test 
1. Unfertilized variant 26.6    B 65.2 A 31.3 A 3.2 A 96.5 A 99.1 A 9.8 A 
2. NPK+S 15:15:15+ 7 + Ammonium nitrate 27 33.3 AB 68.4 A 28.5 A 2.9 A 97.0 A 102.8 A 12.1 A 
3. NPK+S 15:15:15+ 7 + NPK+S 21:7:13+5 38.3** A 66.7 A 28.4 A 4.0 A 95.1 A 99.1 A 14.4 A 
4. NPK+S 15:15:15 + 7 + Urea 46 36.8* A 67.7 A 28.1 A 4.1 A 95.8 A 99.4 A 14.0 A 
5. NPK 15:15:15 + Ammonium nitrate 27 39.9** A 68.4 A 28.1 A 2.8 A 96.5 A 104.3 A 14.1 A 
6. NPK 15:15:15 + NPK+S 21:7:13+5 34.2 AB 65.0 A 31.4 A 3.6 A 96.4 A 98.1 A 12.8 A 
7. NPK 15:15:15+ Urea 46 36.5* A 69.6 A 27.2 A 3.2 A 96.8 A 110.8 A 12.3 A 
8. NPK +S 14:14:17+14.5 + Ammonium nitrate 27 30.7 AB 68.3 A 28.4 A 3.1 A 96.7 A 106.2 A 10.7 A 
9. NPK +S 14:14:17+14.5 + NPK+S 21:7:13+5 34.6 AB 67.8 A 28.7 A 3.4 A 96.6 A 99.6 A 12.71 A 
10. NPK +S 14:14:17+14.5 + Urea 46 35.4* AB 62.9 A 34.0 A 2.7 A 96.9 A 100.0 A 13.2 A 
    LSD 5% 8.4 t/ha   9.1 %     8.8 % 1.8 %    2.0 %  11.8 g   4.5  
DL (total yield)    5% = 8.4 t/ha;   1% = 11.3 t/ha;  0,1 % = 15.0 t/ha       
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  Table 5.  
The effect of NPK fertilization on sugar beet yield (Clementina hybrid - Braşov, 2014) 
 










1. Unfertilized variant 59.47 - 100.00 C 
2. NPK+S  15:15:15+7  + Ammonium nitrate 27 75.80*** +16.33 127.45 AB 
3. NPK+S 15:15:15+7  + NPK 20:20:0 74.42*** +14.95 125.13 AB 
4. NPK+S 15:15:15+7  + Urea 46 73.97*** +14.50 124.38 AB 
5. NPK 20:20:0 KCl  + Ammonium nitrate 27 76.10*** +16.63 127.96 AB 
6. NPK 20:20:0 KCl + NPK 20:20:0 74.43*** +14.96 125.15 AB 
7. NPK 20:20:0 KCl + Urea 46 72.60*** +13.13 122.07 B 
8. NPK+S 14:14:17+14.5 + Ammonium nitrate 27 72.57*** +13.10 122.07 B 
9. NPK+S 14:14:17+14.5 + NPK 20:20:0 75.67*** +16.20 127.24 AB 
10 NPK+S 14:14:17+14.5 + Urea 46 80.35*** +20.88 135.11 A 
DL 5% = 6.54 t/ha 
DL 1 % =  8.6.t/ha 
DL 0,1 % = 11.4 t/ha 
*, **, *** significant level for P ≤0.05; 0.01; 0.001 
Table 6.  
The effect of NPK fertilization on sugar beet yield (Clementina hybrid - Braşov 2015) 







1. Unfertilized variant 52.50 - 100.00      C 
2. NPK+S 15:15:15+7 + Ammonium nitrate 27 69.75*** +17.25 132.85 AB 
3. NPK+S 15:15:15+7 + NPK+S  21:7:13+5 66.00*** +13.50 125.71 B 
4. NPK+S 15:15:15+7 + Urea 46 67.00*** +14.50 127.61 AB 
5. NPK 15:15:15 + Ammonium nitrate 27 70.25*** +17.75 133.80 AB 
6. NPK 15:15:15 + NPK+S  21:7:13+5 67.50*** +15.00 128.57 AB 
7. NPK 15:15:15 + Urea 46 67.25*** +14.75 128.09 AB 
8. NPK +S 14:14:17+14.5 + Ammonium nitrate 27 71.00*** +18.50 135.23 AB 
9. NPK +S 14:14:17+14.5 + NPK+S 21:7:13+5 70.00*** +17.50 133.33 AB 
10 NPK +S 14:14:17+14.5 + Urea 46 71.50*** +19.00 136.19   B 
DL 5% = 4.7 t/ha 
DL 1 % =  6.4 t/ha 
DL 0,1 % = 8.5 t/ha 
*, **, *** significant level for P ≤0.05; 0.01; 0.001 
 
 The yield size structure was different due to the application of different 
fertilization variants at the calibres > 60 mm and 35-60 mm, differences statistically 
assured (table 3). The tubers number per plant was not significantly influenced by the 
fertilization variants while the tubers average weight was significantly higher 
compared to the unfertilized control variants for all forms of  nitrogen applied after 
planting. 
 In 2015, there were production increases between 4.1 and 13.3 t/ha (15-50%) 
compared to the unfertilized control variant, where the tubers total yield was of 26.6 
t/ha (table 4). Compared with the unfertilized control variant, significant differences 
were obtained for variants 3 and 5 with total yields of 38.3 t/ha and 39.9 t/ha. Duncan 
test revealed that there were no significant differences in tubers total yield between the 
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fertilization variants. We appreciate that in the agricultural year 2015 the climatic 
conditions with precipitations well below the multiannual average for the period with 
intense production accumulation, July and August, (table 2) led to the lack of 
differences in the   tubers yield size structure. 
The fertilization recipes used for Clementina sugar beet hybrid in 2014 have 
resulted in production increases between 13.10 t/ha and 22.88 t/ha (22.07 - 35.11%) 
compared to the unfertilized control variant to which the total yield was 59.47 t/ha 
(table 5). The highest roots production (80.35 t/ha) was recorded on fertilization variant 
10, which exceeded the unfertilized control by 35.11%. There were no statistically 
significant differences in production between the complex fertilizers used. In 2015, 
following the application of fertilization recipes, the roots total yield recorded 
production increases between 13.50 t/ha and 19.00 t/ha (25.71% and 36.19%) 
compared to the unfertilized control variant, which achieved a total roots production of 
52.50 t/ha (table 6). The highest total roots (71.50 t/ha) was recorded under the 
conditions of this year, as in 2014, by variant 10, which exceeded the unfertilized 
control variant by 36.19%. In the second place at the roots yield was variant 8 which 




For potato crop, the application of the basic complex fertilizers supplemented 
by the phaseal fertilization in nine experimental variants led to significant production 
increases compared with the unfertilized variant. 
The experimental data recorded in 2014-2015 in Brasov show that all 
fertilization recipes tested on sugar beet crop respond with significant production 
increases assured statistically compared to the unfertilized control variant. Between the 
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